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PROCEDE ET INSTALLATION DE FORAGE ET DE CHEMISAGE DUN 
PUTTS, NOTAMMENT D*UN PUTTS DE FORAGE PETROL IER, AU 
MOYEN DB TRONCONS TUBULAIRES ABOUT ES INITIALEMENT 
SOUPLES, ET DURCIS IN SITU 

Uptente invention concern un prtK^powforcretchani^rimpuite, 
Docamnteni un puits de forage p&rolicr, an moyen d *un ensemble de troncpns tubulaires 
-oupreTonpes * riniilatres. iiittialemenf tounka. aptes k to wplito toogitPdinakincnt 

5 reffet d'une pression interne pour prendre une forme cyttndrique. et enfln m toe 
rigidifiees jnsUu par polymerisation de leur paroi, l f crKombrement transversal d'une 
pretonne reptiee ftant de dimension maximak semtiblement infcncurc a son diametre 
interne a reltatdeplie^et lesdites preTormes poss&iant une portion d'extremit* doot le 
diametre - apres depliement - est legeremeot supeneur a cclui de la prtTonne, oe qui 

10 pennet kur jonction boot-e-bout par embcfttement, avec reconvremcnt de ladite portion 
d'extrtmitl 

Ainsi, en recouranl a ce type de preTortne, qui est connue en soi 
• notarexnent par Ic document WO»A-94/21887 * il cat possible d'obcenir un c h e mi s ag c 
d'imtiajnetreoonstrt 

15 A cet egardl il convieni de rappeler qu'aveodes chemtsages (ou cubages) 

traditiooneU constitues par des cubes en ader» on est oblige d'utUiser des troncpns 
m ^T^ rix tA+mprp** k diAmfctre decroioaat cn direction du food du porta, ce qui pose 
des prootemes d'instalration et d'expkatatiou utterieure du puits. 

L'objectif de ('invention est de proposer un proedde* de forage et de 
20 chemisage du putts, a t'aidede preTonnes du type mention** d-dessus, qui puisse ttre 
mis en oeuvre de maniere simple et rapde, a faihle cota. 

Pour ccU, et coftfofmtoent a V invention, on commence par mettrc en 
place un pronier trorajca^ 

25 UprocM6seionrinventk»com 

a) on fait passer axialement, de haut en baa. a travers ledit trongon. un 
outil dc forage, et oo fore au-dessous et dam le prolocgemeot dc ce troncpn un trou de 
ferae ctdeprofccdeuradapttopw 

b) on retire rouul de forage ; 

30 c) on muoduit une preTonne, a I'Aat replW, a Hnteiieur du puits en la 

faisanitraverserfclron^ 
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du mw, sa portion d'extreraitd haute vaunt se placer a rinfcricur de U portion d'ex- 
trdnuaf cTargie du troncc* ; 

d) on introduit un anient fluidc an food du trou, autour de la portion 

d'cxlrcmitd basse de la rxdforme; 
5 e) on introduit unfluktesoaspn^c^de 

dudrnenUi f tnteneur*^ 

bas en haul, en refoulanl le dment, clement de basen haut, amour de la prfforme, 

centre la patoi du trou ; 

I) tout en matntenant la prcTorme sous pression internet on en cbauflie la 
10 parripoorUpdymenjer; 

g) le ciment ayant pris, et la prdbnae ayant duict pour oonstituer un 

troiio^ tabulate rig» 
gonflageetaUpolyrodrijationdeU 

h) on retfcre Topention pour let troncoos suivants. jusqu'a obtenir U 
15 longueur de puittchemisg aouhaitfe 

Lorsque, comme cda sera exptiqud plus loin, la prcTorme presente des 
reserves de resine antes a migrer vers I'extencur pour former des venous annulaircs 
d'&ancbat*. le postuonnemeni de ees venous est realise* au dfixit de r tope f d-desus. 
DeroanteparticuUhra^ 
20 g^ti^^apteaoccupcrsokcti 

premier drat d*enoombrenient minimal, lui permettant dc passer a rintdrieur du troocoo 
deja co place, un second dtat, d'enoombrement Intennddiaire, po^ 
priiidpalcdutioudw 
partie Aitroidestineearecevw^ 
25 DamunniCKfederealisato 

a ta polymerisation de la pitforroe, ainst qu* a la distribution du draent, comprend une lete 
a double valve place© en part* 
Ruidede foofia^hrinlaTkuro^ 

L'iostalUtion de forage el de chemisage, qui fait egalement partie de la 
30 present© mveiitk»,ser>art^ 

quelle conipread, en tttede pints: 

. bobioe de stockage et de reception, a I'tat enroute. de ladite 

preTonnc^ 

- une tftc surpiombant reatree du puits, apte a rxamettr© le guidagc et 
35 I 'introduction, dans le puits, de la preTorme et des cfiff erents outiUages servant au forage 
dupiritsaii»qu*augannageetaU 
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- des bobtncs de itockage i T6tal enroote de tube* m&alliques dasttqve- 
mcntd^ormablesapiesafate 

de ces tubes nontenant uo db4c servant a V alimentation de la preTonne en courant 
flectrique; > 

- uo geoerateur de courant flecuique. 

D'auties carmctenitiquei et a vantages de ('invention apparaltronl de la 
description et des detains annexes qui en represenient, a simple titre d'exemples son 
limitatifi tin mode de mise en otuvre pre/ere*, ainsi que rinstallation con esp onda ntr , 

Surcesdessins: 

- les figi» I M sent des vuei schAna^ 

lesdnTefentBS Stapes de I 'operation de forage de la partie de pri ts qui doit recevoir la 
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- la figure 5 est une vue schematique d'uwprtTonDectderoctillagedont 
die eat sotidaire, uvant mise en place, dans le puits; 
15 - les figures 6 et 7 sent des vues partieUes de i'extremite' basse de la 

preTonne, destinies a illustrer le prindpe de U double valve dont est pourvue U tete 
d'outillage; 

^ .iesfigurts8al5Ulttstreotlesd^ 
t ^J preTorme an bout d'un troc^on d$a en place; 

20 - la figure 16 reprfscnte schematiquement. en coupe axiale, uo peats 



la figure 17 est une vue schematique montraat les different* matenels 
conttitubfs de rinttallstion. situes en surface (tete de puio) ; 

-les figures 18 i30-iechdlei)lus petite -ffliistt^ 
25 rmstallatkmaucouisdesd^ 

La figure 1 represente rexuemitt basse d'un puits vertical en cours de 
forage et de chemisage. Ce puits, uxo mptet e mcnt fold, comporte un ehemisage deja en 
place sous forme d*im tube cytindrique rigide 2 presentant une portion d'extremite* basse 
20 angle. 

30 udiametreDdecetie partie 20 est legeren^ 

d de la partie princlpale 2* si bienqu*!! est possible d*cmbotler les uns dans les autres des 
tronoons X avec recoupment des paxties d'eartrtmite' 20. 
U tronoon de cnemisay 2 est sce06 

que 200. 

35 Nous allocs mai otenant decrire de quelle maniere va etre mis en place* a 

Taide du proceVtf de Turventian, le 
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Pour cda, comme illustrt tux figures I i 4^ on commence par forcr on 
trou destine k lecevoir ce trongoa 

A cet diet oo utilise un outil de forage 1. du genre trepan, qui a U 
pvticularitf de pouvoir etre rftractc oo dilate* radialement. dans trois tots d'e 

5 bcement dUTerent& 

Dans un premier tat. illustrf a la figure 1. l'outil est ittraca* au i 
de idle maniere que sa plus gtande dimensioo tosnsversale autcrise son Ubre | 
I 'lateneur du troocon X axblemmf a traven oAm<L 

Daw octdtat, son enoombcemeot est done plus petit que a 
10 De maniere coenuc. I f outi I de forage 1 est fixd k rextremi U d'unc tige 

tnbuiaiie 10, qui porte le rooteor d'entratnemmt (noa n^eacot*) de Toutil en rotation, et 
tea organes assorant son deploiememouuc«ttaclk»radWfc 

Comme on le vena plus loin, la tige 10 est montec a rextremistd'untube 
mltailique apte a toe cnroule* sur un tambour recepteur dispos* en surface, en tete de 
IS puits. 

Dons un second aatde denotement ra£al, mustrfaUfigure2.1apertie 
coopontr 12 de I 'outil poasede un diametrc dc Uavafl leoaiUanem egal a D. 

L'outil ayant M deacendu axialemeflt dans le puita, k trams le mbsge 2 
deja en place, oo provoque ce deploiemeut radial au diametrc D kxsqu'il est anivd a 
20 I'iaiftieurdelapcxtta 

vantsadescente comme fflustit^ la fl^ 1. 

Op lealiaeainsik forage d^tw D. coaxial an 

trootofl2.dacsteprok3ngrniCTi 

La profoodeur de forage correspond k la longueur du troncjon que Ton 

L'outil 1 poasede des ocganes de coupe additioonels 11 qui peuventCtre 
deploy* radialement k un diametrc supeneur k D, afm de pouvoir itcevoir la portion 
elargie du troncou k mottia bd place. 

Gooum iUustrt a la ftgiire 3, |w teinantt^ 

30 aiffri un flfirgF-**"-*' 111 twnt> * mrtm* certaine hauteur. 

Alangtae4onadesign^parlaieTte 
du ttw3 9 par UreTerer»ce31 U pam 

basse du trou. dont te diametre D est le mesne que cduideiapartieSO. 
Lap^cme4icpreecntccgche^^ 
35 g^iemlqwcelled&riieende^dm 
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Ntamoins, die est depourvuc dans sa prtkbasscd'tmorganeobturitcur 
gotxflablc, du fait qu'cn a afraire a un trou borgoc ; dc plus, U pfeTormc 4 posstde une 
portion d'extremite basse 40 de section elargie. 

La preforme 4 est supportee par une tige tnbulaire 5 en acier. enroulable 
5 f ur un tambour de stockage situ£ en surface, el qui permet de la fake descendre a 
rinterkur du potts, et de Id fournir to Prides de dmemafan et de gonflage, atari que 
I'caergtc electrique poor la pdymensauoo de U preTonne, par TintermMiaire d'un 
dispodtifdenKXCTdcwalSDOrelie 
bptfcroetseiaccc«drt 
10 Cct^de tige d Via- earoelaHe est 

park tenne anglais 'XXXLEDTUBINO^-cnabrf^-CT^-- 

Comme ccUest dfcrit dans le WO-A-94/21887 deja cite, la preforme est 
obturee a ses extiemites haute ct basse, de manieie gauche, par des nuachom anacfaa- 
faies et/ou decoupables en Tin d'opdratkm. 
15 La tfte distributrice 51 possede une double valve 52. 53, acuonnaUe 

selecu vement (depots la surface). 

Comme illustrd aux figures 6 et 7. la valve 52 permet de dtsuiboer un 
fluide de goittlajearitt*^ 
distribiicr on cimcitt nmA 
20 CcmineffluitrfiU figure 8, Uprffocm^ 

Y t Pcattadialemetf 
"V o«vmletroQ90odecfaemisa^2d^aeQplace. 

Bien cm^ndo, poor qiie ced sdt pcasibte, U 
biwiKot transversal de la pitfora 
25 device, qui correspond a ^ 

Lonoue la preTonne est reptiee sur eOe-mtoe,eUcprtsente une section en 
m \T ou en forme d'escargot - comme ilium* par example aux figures 6A et GB. 
respectivement do document WO-A-94/256S5 ; lonqu'dJe est depliec die pcesente une 

se c ti o n circulaifc 
30 Uprtfonne4cstpo«iuon^ 

d^xtremiu* plus large 40 se trouve en regard de TAargissemcnt de puts 31 ; la longueur 
du trou 3 est d&erminfe pour que. dans cede position, la portion supeneure de la 
pitfocme se troove en regaid de TcTargia^ 

On precede alonalliyecticfid'iuieuteu^ 
35 preTofme. via la valve S3 ((leches J, figure 9). 

Le cunent est cbcisi pour avoir une densiuf voisine - voire legbement 
supexieur* - de celle de la boue liquide 7 se trouvant dans le point 
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L^vecdetimentaUbnscdelapr^^ 

haul 

Comrae iilustre* a la figure 10, on rwocede ensuite au gonflage dc U 
preTonne, en injectant un fluide sous prosioo a Pmteneur dc cdle-ci, vu la valve 52 
5 (flechesl). 

II s'agit soil d'un liquide introduit de I'exteneur (depuis la fee dc putts) 
pwkcoodoitSdinsUprtYormc, soit d'un liquklc (cau, booc ou parclc) ptbentdansle 
pmtsctpomp<dansUpceTc<roe 

Le liquide dc gonflage est avantageusemcnt choia pour avoir une densit* 
10 legemaauiupeiietirca 

gonflage va se fair* progrcsstvemcnt du bas vers le haut. comtnc symbolise par les 
flfcdbcsG Maligna 10L 

A deT aut. la progression du gonflage du bas vers lc haut pent c^controlee 
en pcevoyant, !c long de U preTornie, une serie de bagucs dc contention frangible*, dont 
15 kseiiUde rupture est adaptf^ 

Le cimcnt est par consequent refouM egaleraent de bas en haut conirc la 
puoidupuiU,ccaune symbolise* par la fleche H. tandis que la boue 7 se trouve chassee 
vers te haut 

De preference lc volume dc ciroent penphexique n'est pas suflisant pour 
20 aftetadieUpartie haute deUr^o liaisoo sans ciment dans 

U zone de jonction entre les portions d'extrtmite* des dew troncoos 2 et 4 (voir figure 

11). 

De prtfereoce. U prtf croe ^ 
cfeaud. prise ea sandwich entre une peau interieure et una peau cxteneure eTastkraes, et 
25 munie, c6td intencur. d*une reserve oontenant de la teane apte a migrer vers I'exteneur 
pour former dea bourrdets annulaires favorisant l' ancrage et Paancfaeite* du tubage centre 
Upuoidupuit*. 

Une preTorme de ce genre est decri te dans la demande de brevet f rancais 
9408691 depoaeele 7 juUiet IWpar lademanderesse, et daw 
30 tondePCT/FR 95/00902. 

Ces venous annulaires, repar^ 
9 ; de preTercncc U est prCvu une dcasitd plus grande de verrous (e'est-a-dire un 
ecartementplusfat^ 

inaniere a assurer une bonne itanckeicd dans la liaison bout-a-bout des differents 
35 noncons. 

Le cfeauflage et la polyxnerisation de la preTorme sont realises une fois lc 
gonflage terinine; U presslm 
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A titrc indrauT, U presskn iMeneatderocdiedel5btts. 

Lc chaulTage de la preTorme pcut se faiie sott ea iatrodutsant un fluidc 
cfaaud a rinterieur de U preTorme, scat par reaction chimique cxothcnnique, sott encore - 
de preTdrence - par efTet Joule, aa moyen dc resistances dectriques (fill chaufTanla) 
5 dispoataa^bparttfdeUi*tfOT^ 

atttriquedepttatattedepdCB^vaUdge- 

A not UKficatif, U temptature 
oe 110a 140^ ettodureedecetleeto^ 

Lorsque la pcJynerfeatioa des v«ro« 9 at de to para de prffoirae «sl 
10 terming t< que le cimcol 6 a fait sa priec (figure 12). oa rrtire rootillage 500. SO, 51 
(OecheK, figure 13). 

On mstslle aloes un outil de coupe (501) a Textittoitf du lube 5 # et oo 
decoupe le manchoo d'&anchelt* de rcxtremi* haute de la preTorme (polymerisee) 4' 
(figure 14), qa'on anache ensuitc. On ©pere de la ratae maniere pour le manchoo 
15 ttfencur. 

On obdealalon un tioncm de cbenitsa^ 
meat le tubage prtfc*dent 2 (voir figure 15). 

L'opeAtion qui vient d'etre decrite est biea sOr rfiuWe. troucon apres 
trooc^afmd'octtmrUpi^^ 
20 DaMtmmodedeitalisa^ 

compoaee a 30ft de renae epoxy et ft 70ft de fibres de verre. cecie am* eyant une 
epeisseur de Padre de 14mm ; lea peaux intetieure et extericure, ea caoutchouc 
iyntbftique,OQ!rtspectirememm 

A thre indicauf . la portion princtpale de la preTorme 4 possede, a retoi 
25 depW.tmdiainetreuitcn 

184mm. tandis que la portion elargie 40 possede un diametre interieur de Pordre de 
188mm et un diametre exterieur de Torore de 236mm. 

Let portions 30-32 et 3 1 du puita oat dea diametreainoyeiisdel # ofdfede 

197mm et de 244,5mm, respectf vement 
30 Uilona^mdesdiiTerenlsfe 

simple titre indicatif» la longueur d'une preTorme petit toe de rordre de SQQcn. 

La figure 16 represente un puits P chemist par un ensemble de trots 
tronc^2A.2Bct2Cabouteset cimentcs. 

La figure 17 feprescxUe ecfaemaliquctnent une installation de oHc de peitt 
35 qui pennetde mettie en ceuYieteproc^ 

Surcettefigiire.toteted^pw* 
mOallique (chassis) 100 entoursnt la ttedc puits. 
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Ccoc structure 100 pone un injecteur 101 pourvu d un sabot d'appui 102, 
et Knriixt i nqyofier ct 4 pjosser to 

lepuitsou retires decctai-ci; die setrouve 4 Taploinbikl'aitiecdupuiti. 

On a design* par la reference 54 on tambour de Blockage mr kqud est 
5 «irode*tapieTotiK^ 

Ur*Tcitn«540de«gneuneab^ 
4i'entreedupoit*. 

Leaftf6ti»ctt56*57desi£r^ 
et stocks lespecUvemcni les tubea XT." (Coiled Tubing) 560 et5. 
10 Le tube 560 aert 4 supporter et a deplaccr l\>utfl de forage ; le tube 5 

(commc dej4 (f 0 aett I auppocter la preTonne. 4 amener let fluides de gonflage et de 
timentanon 4 la prfforme, et 4 U connecter 4 une lounx de courant eTectrique (poor U 
polyntensanon). 

L'electricile' est founue par un genersteur eTcctrique 58. 
15 La ceTtence 59 dengue une cabine de oontrote de 1 •openrion. 

De maniere dtsoque, IVntrec du putts 4 forer est mitiakment ganxie d 9 un 

cuvdage 550. 

Le trepan 1 est adapts 4 rextrfmit* du tube 560, lequd est derail* du 

tambocrrtceptew 56, supoo^ 101 

20 (voir figure 18% 

Onpnxedealorsaufcragedutrou^^ 

le premier troocm (figure 19), 

Apres mise en place de la preTocme, cimentationetmiaeauro^ete»ln 
pdym*risatic»iin^dec 
25 on retire kcopduil antral (50), ktt^ 

54 (vide) sur laquelle *tait inidalement atoefcee la preTorrnc (figure 20). 

UpreTormetetrouveabou^<te 

On deTait ensuite les connexions bydraulique et electrique avec la 
prtfonne, on tnstalle et on acdle de maniere eUanche an tour de la tete du puts un 
30 appawiBage desccnritfnd-hoc A, ced par une technique conventionale (figure 21). 

A Kaide de Poutil de coupe 501, port* par le tube 5, on decoupe les 
manchom d'daoxheit* bant et bas (figure 22). 

L'&ape suivaate coudste 4 forer la section suivante. pour obtenir un trou 
aag63pcok)o^eantlctrc»^2 (figure 23). 
35 Ensate,<»caUbrelesdiamctrcsrt 

du trou 3. 4 1'aide d'un inrtrumcot appropri* 1000 (figure 24). 

On met en place une nouvdle preTorroe (figure 25). 
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OpUfritde§ocadittotepuiti,rt 
le trou 3. On la connacte »u tube 5, et an proofed* «u gooflag^ i U rimentatkm. cU It 
pctymexisatkm (figure 26). 

On retire le cooduit central 50, qu'on rcmonte et qu*on cnroulc tur le 
tambour recepteur 54 (figures 27 et 28). 

Oo suspend I'ouol dc coupe 501 au tube 5. et on le descend pour dte>uper 
tes mancbons d'extremite* (figue 29). 

On obocflt ainsi deux troncons rigideeabautes2A«2B (figure 30). 
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RffYPrNPI?iVM ONS 

1. Procciie* pour fortr ct chemiscr un puits, notammeiu un puits de forage 
pttroiicr, au moyen d v im ensemble de troncons tubulaires - on preTormej - rimilairea, 
iniualement soupics, aptes 4 toe reptiles loo^tuelnakmeat stir elles-mtaes pour toe 
introduces dam le puils, pun a €tre deplieea radialeracnt sous PefTet d'unc pression 

5 interne pour prendre une forme cyiindrique, et enfin k toe rigidifiecs iaaJa par pal ymen- 
salion de leur peroi, reocombrezaeat transversal d'une preTorme reptiee extant de 
dimension maximale sensiblement infdricure 1 sea dumfere interne a I'Asi deplie\ et 
ksdites preTormes (4) poeseVUnt one portion d'cxtremlc^ (40) doat le diametre - apres 
cUptiesnent • cat tegarcnsenisupf^^ 
10 jonction bent-a-bout par embottemenl avec recouvrcment da laditc portion d'cxtreiniuS 
(4(0, caractens^ par le fait que, rap 

r en tree da pails, an portion d'extremite* darpe (40) tournee vets le baa, 

a) on fait passer axial emem, de haut en bas a travers ledit tronoon (2) , un 
outU de forage (i).ctoo fore au-dessous et dans le prolongexnent de ce tronoon (2) un 

15 tjou(3)defornxe<deprofondew 

b) oo retire I'outil de fcn»ge(l) , 

c) on introduit une preTorme (4). a I'esat replied k rinterieur du puits en la 
faisant traverser le tronoon (2) deja en place, et on la positionnc coovenanlemeat k 
rinterieur du trou (3), sa portion d'extremitf haute vcnanl se placer a rinterkur de la 

20 portion d'extremiiSeTaigw (40) tronoon (2) ; 

d) on introduit un ciment fluide (6) mi fond dn trou (3). ausour de la 
portion d'extretnit* basse de la preTorme ; 

e) on introduit tin fluide sous pressloo (8). de densit* supeneure a la 
densitd du ciment (6), a rinterieur de la preTorme (4) afin de la deplier radialement, 

25 progressiveoietttckbasenhau^ 

de la prcT bran, centre la paroidutrou(3); 

0 tout en miinteoant la preTorme sous pression interne, on en chaufle U 
paroi pour la pclymfriser ; 

g) le ciment ayant oris, et U preTorme ayant dura pour constituer on 
30 troocon tubulaire rigide de rj^nimm^ . (4*) t on retire axiakment lea outillages ayant servi 

aogpeuTageesnlapQlymeniBn^ 

h) on leltere l'operation pour lea troncons sinvants, jusqu'a obtcnir la 
longueur de putts chemist souhaitee. 

2. PlroccVUselon revendicstion 1, caracteris* par le fait qu'on utilise un 
35 outtf 6c forage (I) du genre trfpan^ 
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radiale, k avoir un premier tot d'eacombftmeot minimal, lui penncttaat de passer a 
rinldrieur du 1x0050a (2) <Kj* es place, tin seoood Aat. d'eaoombecmeat tntenntftaire, 
pour k forage deU partie priro^ 

maximal, pour le forage de la partie (31) du lrou(3)<fc*tii^ Arecevo*rUixxtic»aar^ 
S deUpreTorrae(4). 

3.Pfetx^aelonkfevaidica£m 1 ou 2, caractero* par te fait que kdjt 
outillage oomprend use t£tc (51) k double valve (52, 53) pUctc eo partie basse de la 
preToane(4),etapteadist^ 
prtfonne(4)ettmciinetuniadc(7)irext6i 
10 4 « Installation de forage etdeci^^ 

proc^sdoorunedesitveodkati 
t&eduputo: 

-imebobiM(54)dcstockageetder^ 

prfforroe(4); 

15 - une tte (101) surplombant 1'entree (55) du putts, apte a permeate le 

gutdage ct rintioducooa dans le puits de la preTorme (4) ct dca different* ootillages 
servant an fonp da putts ainsi qu'au goonagcctiUpdymai^oodelaprtforme; 

- des bobines (56, 57) de stockage k VHmI enroutt de tubea metallkiues 
flastiquetBcnt ddfonaabtes (560, 5) aptes Ufaire desceodre et remonter leadits outUlages 

20 dans le poita. fun (5) deces tubes cootenant un cftble servant a 1'aliinenoUion de la 

• tngd^rateiirdeooutamfiectri 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 



57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms— that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which — after unfolding — is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WOA-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 

operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 



2741907 



- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
1 0 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 
three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
1 0 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow Fi in figure 1. 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

the preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 188 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2 A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 

extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 
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10 

CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections — or preforms — that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which— after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 
20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
15 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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